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ABSTRACT Biotypes are infraspeciÞc classiÞcations based on biological rather than morphological
characteristics. Cereal aphids are managed primarily by host plant resistance, and they often develop
biotypes that injure or kill previously resistant plants. Although molecular genetic variation within
aphid biotypes has been well documented, little is known about phenotypic variation, especially
virulence or the biotypeÕs ability to cause injury to cultivars with speciÞc resistance genes. Five clones
(single maternal lineages) of Russian wheat aphid, Diuraphis noxia (Kurdjumov) (Homoptera:
Aphididae), determined to be injurious to wheat, Triticum aestivum L., with the Dn4 gene, were
evaluated on resistant and susceptible wheat and barley,Hordeum vulgare L., for their ability to cause
chlorosis, reduction in plant height, and reduction in shoot dry weight. Variation to cause injury on
resistant ÔHaltÕ wheat, susceptible ÔJaggerÕ wheat, and resistant ÔSTARS-9301BÕ barley was found among
the Dn4 virulent clones. One clone caused up to 30.0 and 59.5% more reduction in plant height and
shoot dry weight, respectively, on resistant Halt than other clones. It also caused up to 29.9 and 55.5%
more reduction in plant height and shoot dry weight, respectively, on susceptible Jagger wheat.
Although STARS-9301B barley exhibited an equal resistant response to feeding by all Þve clones based
on chlorosis, two clones caused �20% more reduction in plant height and shoot dry weight than three
other clones. The most injurious clones on wheat were not the most injurious clones on barley. This
is the Þrst report of variation to cause varying degrees of plant damage within an aphid biotype virulent
to a single host resistance gene. A single aphid clone may not accurately represent the true virulent
nature of a biotype population in the Þeld.
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Insect biotypes are infraspeciÞc classiÞcations based
on biological rather than morphological characteris-
tics, and generally morphologically indistinguishable.
Many deÞnitions exist, but no single universal deÞni-
tion is applicable to all species and situations. For
example, they have been described as an infraspeciÞc
category with similar genetic composition for a bio-
logical attribute (Saxena and Barrion 1987), or they
have been deÞned by “survival and development on a
particular host or by host preference for feeding, ovi-
position, or both” (Diehl and Bush 1984). Biotypes
have been equated with races of pathogenic fungi
(Gallun and Khush 1980), and with the aphids, bio-
types have even been described as being made up of
genetically identical “clones” (Eastop 1973). Many
insect species containing biotypes are major pests of
grain crops such as wheat,TriticumaestivumL.; barley,
Hordeum vulgare L.; sorghum, Sorghum bicolor (L.)
Moench; and rice, Oryza sativa L., and they are spe-

ciÞcally described by their ability to injure crops with
host plant resistance genes (Gallun 1977, Saxena and
Barrion 1985, Puterka et al. 1992, Porter et al. 1997).
Approximately 50% of described biotypes belong to
Aphididae (Saxena and Barrion 1987). In cereal aphids
and other pests that are largely managed by host re-
sistance, this “virulence” or ability to injure previously
resistant plants is the generally accepted criterion for
biotype designation.

One aphid pest of wheat and barley that has re-
cently developed biotypes to wheat resistance genes
is Russian wheat aphid,Diuraphis noxia (Kurdjumov)
(Homoptera: Aphididae). Soon after its introduction
into the United States in 1986, an expedited effort to
develop Russian wheat aphid resistant wheat and bar-
ley cultivars began through the facilitation of the
Western Regional Coordinating Committee No. 66
(Souza 1998). The Þrst adapted resistant variety avail-
able to U.S. farmers was ÔHaltÕ and it was commercially
planted on a limited scale in Colorado as early as 1994,
but was not readily available until its ofÞcial registra-
tion in 1996 (Quick et al. 1996). The resistance in Halt
was reported to be based on a single dominant gene,
Dn4 (Saidi and Quick 1996).Dn4 is also the source of
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Russian wheat aphid resistance in the varieties ÔPrairie
RedÕ, ÔYumarÕ, ÔProwersÕ, ÔProwers 99� (Haley 2000),
and ÔAnkorÕ (Haley et al. 2004b). In 2003, it was esti-
mated that 25% of the wheat acreage in Colorado were
planted to Dn4 varieties (Peairs et al. 2004). Unfor-
tunately, a biotype virulent to all Dn4 wheat varieties
was found in southeastern Colorado in March 2003
(Haley et al. 2004a). Although it was initially named
biotype B (Colorado State University 2003), the Dn4
injurious biotype is now referred to as Biotype 2
(Haley et al. 2004a) or RWA Biotype 2 (Porter et al.
2005). Biotype 1 refers to the extant population that is
noninjurious toDn4wheat, and is called RWA Biotype
1 (Porter et al. 2005).

The designation of biotype as a taxonomic or evo-
lutionary unit is debated. Biotypes have been pro-
posed to be populations in early stages of speciation
(Müller 1985, Saxena and Barrion 1987). Selection of
Þtter genotypes by host plants and resistant cultivars
has been proposed to be a mechanism of biotype
formation (Bush 1974, Saxena and Barrion 1987).
However, Porter et al. (1997) showed no correlation
between biotype occurrence and resistance gene de-
ployment in wheat. The biotype concept has prob-
lems, largely because the genetics of biotype groups is
poorly understood. One way of better understanding
the genetic nature, divergence, and origin of insect
biotypes is to compare the amount of diversity
within biotypes, relative to the amount of variation
between biotypes (Black 1993).

The majority of studies on biotype variation have
concentrated on describing variation between bio-
types. Much less is known about variation within bio-
types. Genetic variation between biotypes has been
extensively studied in several aphid species and shown
signiÞcant genotypic divergence between some bio-
types (Black et al. 1992, Puterka et al. 1992, Black 1993,
Boulding 1998, Vanlerberghe-Masutti and Chavigny
1998, Shufran et al. 2000). Fewer studies on genetic
variation within biotypes have been conducted; how-
ever, most have shown that molecular genetic varia-

tion within biotypes exists (Anstead et al. 2002, Black
et al. 1992, Shufran et al. 1992, Vanlerberghe-Masutti
and Chavigny 1998). Although genotypic variation
within biotypes has been studied, almost no informa-
tion on phenotypic variation within biotypes exists.
Shufran et al. (1992) reported on variability of life
history parameters among biotype E clones of green-
bug, Schizaphis graminum (Rondani). Bush et al.
(1989) demonstrated variability among Russian wheat
aphid clones (avirulent toDn4, therefore meeting the
criteria of Biotype 1) to cause chlorosis on susceptible
varieties of wheat. This was the Þrst demonstration of
within-biotype virulence variation, even though the
population from Texas did not meet the generally
accepted deÞnition of a Russian wheat aphid biotype,
which is a population that can injure a cultivar that was
previously resistant (Burd et al. 2006).

To better characterize Russian wheat aphid popu-
lations, we initiated a study to measure phenotypic
variation in virulence among clones virulent to Dn4
wheat. Recent surveys found that Biotypes 1 and 2
predominate in the United States (Puterka et al. 2007).
Biotype 3, also virulent to Dn4 wheat (Burd et al.
2006), has not been found since its Þrst and only
collection in 2002 (Puterka et al. 2007). Besides vari-
ation in the ability to damage Dn4 wheat, we also
assessed variation for virulence to ÔSTARS-9301BÕ, a
resistant barley line (Mornhinweg et al. 1995). Even
though STARS-9301B barley has not been shown to be
susceptible to Biotype 2 or 3 (i.e., virulent to Dn4
wheat), we chose to include it because it is an impor-
tant resistance source for that crop. STARS-9301B was
the germplasm line used in the development of Rus-
sian wheat aphid resistant ÔBurtonÕ barley (Bregitzer
et al. 2005).

Materials and Methods

Russian wheat aphids were collected from Colo-
rado, Kansas, Nebraska, and Texas during 2003 (Table
1). Fifteen clonal colonies (single maternal lineages)

Table 1. Russian wheat aphid clones established in 2003 from field collections and laboratory cultures

Clone Location Host Date Collector
Dn4

Virulent

#1a Stillwater, OK Schuyler barley 27 May 2003 D.W.M. �
#2a Fort Collins, CO Wheat, unknown variety 19 May 2003 Frank Peairs �
#3 Walsh, CO Prairie Red wheat 20 May 2003 Cynthia Walker �
#4 Walsh, CO Above wheat 20 May 2003 Cynthia Walker �
#5 Walsh, CO Above wheat 20 May 2003 Cynthia Walker �
#6 Walsh, CO Above wheat 20 May 2003 Cynthia Walker �
#7 Walsh, CO Above wheat 20 May 2003 Cynthia Walker �
#8 Lubbock, TX Elbon rye 27 May 2003 J. Scott Armstrong �
#9 Bushland, TX TAM 105 wheat 23 May 2003 Jerry Michels �
#10 Scottsbluff, NE Alliance and Halt wheat 27 May 2003 John Thomas and Gary Hein �
#11 Akron, CO Wheat, unknown variety 4 June 2003 D.W.M. �
#12 Banner County, NE Halt wheat 4 June 2003 John Thomas and Gary Hein �
#13 Walsh, CO Prairie Red wheat 22 May 2003 Cynthia Walker �
#14a,b Fort Collins, CO Wheat, unknown variety 21 Aug. 2003 Frank Peairs �
#15a,c Hays, KS Wheat, unknown variety 2 Nov. 2003 J. P. Michaud �

a Laboratory colony.
bOriginally collected from Prairie Red wheat in March 2003 near Walsh, CO, and later described as Biotype 2 (Haley et al. 2004a).
cOriginally collected from wheat on 22 October 2003 at Hays, KS, by Tom Harvey.
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were established in the laboratory, given numeral des-
ignations for easier referral, and maintained on
ÔSchuylerÕ (susceptible) barley grown in FullerÕs earth
(Balcones Minerals Corp., Flatonia, TX) and caged
in 3.6-cm-diameter by 21-cm-high poly-cast tubes
(Cone-Tainer Co., Canby, OR) under clear 3.5-cm-
diameter by 21-cm-high plastic chimneys with mesh
covered holes for ventilation. The chimney and poly-
cast tube were sealed with ParaÞlm “M” (American
Can Co., Greenwich, CT) to minimize the chances of
colony contamination. Environmental conditions
were 18�C with a photoperiod of 14:10 (L:D) h.

Each Russian wheat aphid clone was determined to
be either Biotype 1 or virulent to Dn4 wheat. Three
seeds each of Halt (Dn4) and ÔJaggerÕ (susceptible)
wheat were planted 2.5 cm deep in FullerÕs earth in a
single poly-cast tube and covered with a chimney as
described above to prevent accidental aphid infesta-
tion. When plants reached Zadoks et al. (1974) growth
stage 10, the tubes were thinned to one plant for each
variety. Each Halt and Jagger seedling was infested
with 10 adult Russian wheat aphids from a single clone
by placing them directly on the plants with a Þne paint
brush. Five replications were conducted per clonal
colony. When susceptible Jagger plant reached a chlo-
rosis damage scale of 8 or 9 (Webster et al. 1991), i.e.,
dead, the corresponding Halt plant was rated for leaf
rolling and chlorosis (Webster et al. 1991). Russian
wheat aphid clones were determined to be avirulent
(Biotype 1) if Halt showed no leaf rolling and minimal
chlorosis (rating of 1Ð3), and virulent if Halt showed
leaf rolling and extensive chlorosis (rating of 7Ð9).
Within the Þve replications of each clone, feeding
reactions of Halt were consistent. Ten Russian wheat
aphid clones were determined to be avirulent, and Þve
clones were determined to be virulent to Dn4
(Table 1).

The ÞveDn4virulent clones determined above (Ta-
ble 1) were used to test for variation in the ability to
cause feeding damage to wheat and barley. To in-
crease aphid numbers for infestation of plants in the
experiment, each clone was transferred to a 15-cm-
diameter by 12-cm-high plastic pot containing 15Ð20
plants of susceptible ÔOtisÕ barley. Each pot was cov-
ered with a 14-cm diameter by 30-cm-high clear plastic
chimney with Þne mesh cloth covering the top and
two 9-cm-diameter holes cut in the sides for ventila-
tion. Only aphids reared solely on Otis barley were
used to infest experimental plants.

The experiments were conducted in a greenhouse
by using a completely randomized design with 10
replications. Each clone was tested on a resistant and
susceptiblevarietyofwheat andbarley in twoseparate
experiments. Except for the plant species and variet-
ies, each experiment was identical in materials, meth-
ods, and design. In the wheat experiment, the Dn4
resistant variety was Halt, whereas the susceptible
variety was Jagger. In the barley experiment, the re-
sistant germplasm line was STARS-9301B (Mornhin-
weg et al. 1995) and the susceptible variety was
ÔMorexÕ.

Seeds were preimbibed by placing them in petri
dishes on top of Þlter papers dampened with double
distilled H2O and kept in the dark at ambient tem-
perature for 48 h. Seeds were then planted, with radi-
cle down, 2.5 cm deep, in processed FullerÕs earth in
15-cm-diameter by 12-cm-high plastic pots. Therefore,
each pot contained three susceptible and three resis-
tantplants, for a total of sixplantsperpot.Eachpotwas
covered with a 14-cm-diameter by 30-cm-high clear
plastic chimney with Þne mesh cloth covering the top
and two 9-cm-diameter holes cut in the sides for ven-
tilation. When plants reached Zadoks et al. (1974)
growth stage 10, each pot containing six plants (three
resistant and three susceptible) was infested with 60
adult or fourth instar Russian wheat aphids of a single
clone. Aphids were evenly divided among the six
plants by placing 10 aphids at the base of each plant
with a Þne paint brush. Ten replications of each clone
were used, for a total of 50 pots per experiment. Pots
were arranged on a table in Þve rows and 10 columns
(columns oriented north to south) with an additional
outside border of uninfested pots to prevent border
effects of light and air movement. The position of each
pot on the table was chosen using a random number
generator. Supplemental light (40-W SunStik, Osram
Sylvania Products, Inc., Versailles, KY) with a photo-
period of 14:10 (L:D) h was used. Temperature con-
ditions during the experiment ranged from 18.3 to
27.3�C, and averaged 22.8 � 0.1�C. Plants were wa-
tered as needed with a 4.1 g/liter solution of 20Ð20Ð20
water soluble fertilizer (Peters Professional, United
Industries Corp., St. Louis, MO).

The aphids were allowed to reproduce and feed
undisturbed until the majority of susceptible plants
(Jagger or Morex) showed extreme chlorosis or were
dead, i.e., had a rating of 8 or 9 by using the chlorosis
scale of Webster et al. (1991). At this point, the entire
experiment was terminated, and all plants were eval-
uated for height, shoot dry weight, and chlorosis. The
degree of chlorosis was determined using the 1Ð9 scale
according to Webster et al. (1991). Data were sub-
jected to analysis of variance (ANOVA) by using the
KenwardÐRoger adjustment in PROC MIXED with
the LSMEANS option (SAS Institute 1999). Within
each experiment, data were sorted and analyzed by
plant variety to assess for variation among clones.

Results

Wheat. A signiÞcant variety effect was found for
chlorosis and shoot dry weight (Table 2). A signiÞcant
clone effect and clone by variety interaction was
found for chlorosis, plant height, and dry weight (Ta-
ble 2), indicating that some clones were more injuri-
ous than others depending on the wheat variety. Mean
separations by wheat variety identiÞed which clones
were more injurious than others (Table 3).

Variation betweenDn4 virulent clones in the ability
to injure Halt was found. Differences between the Þve
clones were found for chlorosis, plant height and shoot
dry weight (Table 3). Based on these three parame-
ters, the most damaging was Clone #4 from Walsh,
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CO. On Halt, it induced more chlorosis and a greater
reduction in plant height and shoot dry weight than
three others collected in Colorado and Clone #8 from
Lubbock, TX. Clone #14, used to describe Biotype 2
by Haley et al. (2004a), caused less injury than
Clone #4.

Clonal variation for injuriousness was also observed
on susceptible Jagger for all plant responses (Table 3).
Plant responses of chlorosis, plant height, and shoot
dry weight by infestation of Clone #4 were similar on
Halt and Jagger (Table 3). Clone #4 was more dam-
aging than some others, especially Clones #5 and #7.
On Jagger, Clone #4 was equally as damaging as Clone
#14 (Table 3). However, relative ability of Dn4 vir-
ulent clones to cause damage was different on the two
wheat varieties. A distinct clone-by-plant variety in-
teraction existed (Tables 2 and 3).
Barley. A signiÞcant variety effect was found for

chlorosis, plant height, and shoot dry weight (Table
2). A signiÞcant clone effect for plant height and a
clone by variety interaction for plant height and dry
weight was found (Table 2), indicating that some
clones were more injurious than others depending on
the barley variety. Mean separations by barley variety
(or germplasm line) identiÞed which clones were
more injurious than others (Table 4).

No variation in the ability to cause injury on resis-
tant STARS-9301B barley was found for chlorosis be-
tween the Þve clones (Table 4). All levels of chlorosis
indicated that STARS-9301B was resistant to Dn4 vir-
ulent Russian wheat aphids. However, Clone #7 from
Walsh, CO, and Clone #8 from Lubbock, TX, both
caused about a 20% reduction in plant height com-

pared with the other three clones (Table 4). A cor-
responding loss in shoot dry weight by these two
clones was also found on STARS-9301B. When Morex
barley was fed upon by the same Þve clones, no vari-
ation in any plant responses between clones was found
(Table 4). All clones were equally injurious to sus-
ceptible Morex barley.

Discussion

All Þve Dn4 virulent Russian wheat aphid clones
used in this experiment severely damaged Halt wheat,
which carries the Dn4 resistance gene. Chlorosis rat-
ings were 7 or higher for each clone, and all caused leaf
rolling. However, among these clones, we detected
signiÞcant variation in their ability to cause plant in-
jury. On Halt wheat, the most injurious was Clone #4
from Walsh, CO (Table 3). This clone was more dam-
aging than the original Biotype 2 clone (Haley et al.
2004a), which is referred to as Clone #14 in this
article. The increased degree of virulence of Clone #4
on Halt for chlorosis, reduction in plant height, and
reduction in shoot dry weight was 0.7Ð13.7, 17.3Ð30.0,
and 42.7Ð59.5%, respectively. This was also found on
susceptible Jagger wheat (Table 3). Clone #4 also
caused more injury on Jagger than two other clones
(Clones #5 and #7) that were both also collected at
the same location. The increased degree of virulence
of Clone #4 on Jagger for chlorosis, reduction in plant
height, and reduction in shoot dry weight was 2.9Ð
14.6, 12.0Ð29.9, and 28.1Ð55.3%, respectively. How-
ever, Clones #5 and #7 were less injurious to suscep-
tible Jagger than other Dn4 virulent clones. A similar

Table 2. Output from PROC MIXED with Kenward–Roger adjustment (SAS Institute 1999) for plant reactions for two cultivars of wheat
(Halt and Jagger) and two cultivars of Barley (STARS-9301B and Morex) after feeding by five Dn4 virulent Russian wheat aphid clones

Host
species

Fixed effect
Num

df
Den
df

Chlorosis Plant ht Shoot dry wt

F P � F F P � F F P � F

Wheat Clone 4 44 19.38 �0.0001 15.85 �0.0001 21.07 �0.0001
Variety 1 44 180.64 �0.0001 0.00 0.9625 19.21 �0.0001
Clone 	 variety 4 44 6.85 0.0002 2.55 0.0523 3.48 0.0087

Barley Clone 4 20 0.61 0.6622 4.70 0.0077 2.34 0.0904
Variety 1 20 1,446.01 �0.0001 514.20 �0.0001 312.82 �0.0001
Clone 	 variety 4 20 0.65 0.6356 4.29 0.0063 3.49 0.0255

Table 3. Mean � SE plant responses to feeding by Dn4 virulent Russian wheat aphids on Halt (Dn4) wheat and Jagger (susceptible) wheat

Variety Clone Chlorosisa,b
Plant ht
(cm)b

Shoot dry wt
(mg)b

Halt #4 Walsh, CO 8.10 � 0.12a 16.32 � 0.66c 12.61 � 1.36c
#5 Walsh, CO 7.53 � 0.12b 21.24 � 0.66ab 22.00 � 1.36b
#7 Walsh, CO 6.99 � 0.13c 23.30 � 0.69a 31.12 � 1.43a
#8 Lubbock, TX 7.43 � 0.12b 19.73 � 0.66b 22.20 � 1.36b
#14 Fort Collins, COc 7.23 � 0.12bc 19.95 � 0.66b 22.49 � 1.36b

Jagger #4 Walsh, CO 8.93 � 0.10a 16.21 � 0.69c 10.93 � 1.68c
#5 Walsh, CO 7.97 � 0.10c 23.12 � 0.69a 23.36 � 1.68a
#7 Walsh, CO 7.63 � 0.11c 22.71 � 0.72ab 24.47 � 1.76a
#8 Lubbock, TX 8.50 � 0.10b 20.52 � 0.69b 17.39 � 1.68b
#14 Fort Collins, COc 8.67 � 0.10ab 18.15 � 0.69c 15.21 � 1.68bc

a Rating scale of 1 to 9, where 1 is no damage and 9 is dead plant (Webster et al. 1991).
b For each variety, means within columns with the same letter are not signiÞcantly different (P� 0.05; TukeyÐKramer) (Westfall et al. 1999).
c Laboratory colony originally established from aphids collected in Walsh, CO, and later described as Biotype 2 (Haley et al. 2004a).
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result was observed by Bush et al. (1989) in virulence
within Biotype 1 on susceptible wheat.

There was no correspondence between wheat and
barley for a cloneÕs ability to cause damage. Clones
most injurious to wheat were not necessarily the most
injurious to barley. Although Biotype 1 resistant
STARS-9301B barley clearly was resistant to all Dn4
virulent clones, based on chlorosis ratings and no leaf
rolling, we detected variation in growth parameters
when fed upon by Dn4 virulent clones (Table 4).
Clones #7 and #8 both caused more reduction in plant
height and corresponding shoot dry weight (�20%)
than the other clones. Puterka et al. (2006) also found
differences in resistant barley plant height among Rus-
sian wheat aphid biotypes, even though there were no
differences in chlorosis. However, Þeld tests have
shown yield reduction in susceptible barley to be the
result of leaf rolling and the subsequent trapping of
spikes (Mornhinweg et al. 2006). Whether the in-
creased amount of plant mass reduction we observed
in the seedling stage would have an impact on subse-
quent barley grain yield is not known. Currently, re-
duction in plant height is not a character used in
naming Russian wheat aphid biotypes.

To reduce the possible effects of fecundity differ-
ences between within and between aphid clones, our
experiment allowed free movement of aphids from
plant to plant within each pot. This helped assure a
uniform distribution of aphid numbers among plants
to get an accurate assessment of plant response (Web-
ster et al. 1987). The variation between clones we
found can likely be attributed to inherent biological
differences among clones in the ability to injure not
onlyDn4wheat, but susceptible wheat as well. Under
Þeld production settings, differences between Dn4
virulent clones to cause injury to wheat may not be
economically important, as aphid clonal diversity on
single plants has been found to be extensive (Birch et
al. 1994, Shufran et al. 1991, Wynne et al. 1994). It is
likely that multiple clones and biotypes of Russian
wheat aphid infest individual wheat plants in the Þeld.
In our biotype determination, we found Biotype 1
(noninjurious to Dn4 wheat) clones on Prairie Red
(Dn4) wheat that was showing severe injury symp-

toms (Table 1). Although Þve clones caused extreme
chlorosis to Dn4 resistant wheat, the variability to
cause more or less injury we found among the clones
raises questions about the origin and development of
Biotypes 2 and 3, both virulent toDn4wheat (Burd et
al. 2006).

It was very interesting to have found aDn4 virulent
aphid in Lubbock, TX, at the same time Biotype 2 was
Þrst discovered in Walsh, CO. No Russian wheat aphid
resistant wheat was ever grown near Lubbock, TX,
which is �480 km from Walsh, CO. These two loca-
tions are separated by a large expanse of nonirrigated
range land in which no wheat is cultivated, which may
act as abarrier toaphidmovement.Furthermore,Burd
et al. (2006) collected a Dn4 virulent clone (later
named Biotype 3) from this same area in TX during
May 2002, a year before the initial discovery of Biotype
2 in Walsh, CO. The observance ofDn4virulent aphids
outside the area that resistant Dn4 wheat was grown
casts doubt that Biotype 2Õs occurrence was due to a
simple selection by resistant varieties in a way that
would be analogous to pesticide resistance.

Molecular genetic studies showed that S. graminum
biotypes were made up of multiple clones and geno-
types (Shufran et al. 1992, Anstead et al. 2002). Vari-
ation in aphid life history characters also was found
within a single S. graminum biotype (Shufran et al.
1992); however, the authors did not investigate vari-
ability to cause injury on a single host cultivar. Al-
though our methods could not differentiate between
Russian wheat aphid Biotypes 2 and 3, it is likely that
most or all Dn4 virulent clones in this study could be
classiÞed as Biotype 2. Surveys since 2003 have only
found Russian wheat aphid Biotypes 1 and 2 in the
United States (Puterka et al. 2007). The results pre-
sented herein are the Þrst to show the ability of dif-
ferent aphid clones to cause varying degrees of plant
damage within a biotype virulent to a single plant
resistant gene. One aphid clone may not accurately
represent the true virulent nature of a biotype pop-
ulation in the Þeld. It is common for plant breeders to
use a single laboratory clone when evaluating germ-
plasm for aphid resistance. To reduce the risk of mis-
leading results, within biotype variability should be

Table 4. Mean � SE plant responses to feeding by Dn4 virulent Russian wheat aphids on STARS-9301B (resistant) and Morex
(susceptible) barley

Variety Clone Chlorosisa,b
Plant ht
(cm)b

Shoot dry wt
(mg)b

STARS-9301B #4 Walsh, CO 2.20 � 0.28a 34.15 � 1.35a 50.10 � 3.56a
#5 Walsh, CO 2.13 � 0.28a 33.62 � 1.35a 47.29 � 3.56a
#7 Walsh, CO 2.20 � 0.28a 26.09 � 1.35b 32.45 � 3.56b
#8 Lubbock, TX 2.20 � 0.28a 25.67 � 1.35b 33.18 � 3.56b
#14 Fort Collins, COc 2.20 � 0.28a 31.57 � 1.35a 43.25 � 3.56ab

Morex #4 Walsh, CO 8.20 � 0.28a 15.59 � 1.35a 11.56 � 3.56a
#5 Walsh, CO 8.47 � 0.28a 15.14 � 1.35a 12.78 � 3.56a
#7 Walsh, CO 8.53 � 0.28a 14.60 � 1.35a 10.33 � 3.56a
#8 Lubbock, TX 9.00 � 0.28a 13.43 � 1.35a 09.71 � 3.56a
#14 Fort Collins, COc 8.80 � 0.28a 15.65 � 1.35a 13.15 � 3.56a

a Rating scale of 1 to 9, where 1 is no damage and 9 is dead plant (Webster et al. 1991).
b For each variety, means within columns with the same letter are not signiÞcantly different (P� 0.05; TukeyÐKramer) (Westfall et al. 1999).
c Laboratory colony originally established from aphids collected in Walsh, CO, and later described as Biotype 2 (Haley et al. 2004a).
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taken into consideration by using more than a single
insect colony or population in resistant cultivar de-
velopment.
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